AD-A078  287  NAVAL  OCEAN  SYSTEMS  CENTER  SAN  DIE80  CA  F/G  A/1 

SCINTILLATION  OF  UHF  SATCOM  SIGNALS.  OCCURRENCE  AT  GUAM  FROM  MI— ETC (U) 
AU8  79  MR  PAULSON 

UNCLASSIFIED  MOSC/TR-AAG  NL 


1  1 

NQSC 

• 

II 

i 

.  _  |£j 

.in4y 

END 

DATE 

FILMED 

1  -80 
DDC 

* 

AD  A  0  7  8  2  8  7 


DC 

I- 

o 

w 

O 


Technical  Report  446 


SCINTILLATION  OF  UHF  SATCOM  SIGNALS 


Occurrence  at  Guam  from  mid-March  1978  through  June  1979 


MR  Paulson 


15  August  1979 

Final  Report  for  Period  March  1978  —  June  1979 


Prepared  for 

Naval  Electronic  Systems  Command  (PME  106-1) 

Washington  DC  20360 


NOSC  TR  44i 


NAVAL  OCEAN  SYSTEMS  CENTER,  SAN  DIEGO,  CA  92152 


AN  ACTIVITY  OF  THE 
SL  GUILLE,  CAPT,  USN 

Commander 


NAVAL  MATERIAL  COMMAND 

HL  BLOOD 

Technical  Director 


ADMINISTRATIVE  INFORMATION 

Work  was  performed  under  PE  33109N,  project  X0731-CC,  task  area  X0731001 
(NOSC  work  unit  81  5-CC48)  by  a  member  of  the  Ionospheric  Propagation  Branch  (Code 
5323),  for  the  Naval  Electronic  Systems  Command  (PME  106-1).  This  report  covers  work 
trom  March  1978  through  June  1979  and  was  approved  for  publication  15  August  1979. 

The  satellite  signal  amplitude  measurements  used  in  this  report  were  made  by  per¬ 
sonnel  at  the  naval  communications  area  master  station  (NAVCAMSl  on  Guam  under  the 
direction  of  CWO  D  Thomas. 


Released  by 
JH  Richter,  Head 
EM  Propagation  Division 


Under  authority  of 
JD  Hightower,  Head 
Environmental  Sciences  Department 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dele  Entered) 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  REPORT  NUMBER 

NOSC  Technical  Report  446  (TR  446) 


a.  GOVT  ACCESSION  NO. 


3.  RECIPIENT'S  CATALOG  NUMBER 


■ti  f  ring 

iCINTILLATION  OF  UHF  SMCOM  SIGNALS  ,  l_ 


Occurrence  at  Guam  from  mid-March  1978  through  June  1979  „ 


-  7  J  Final 

/  Mar< 

(J  P  ERFOF 


PF  m  BFBnaT  *  PFBIfUl 


Final ^  ^ 


epwt.l 
78-Juns 


P79, 


-jimranMiiiu  uru.  rcpc 


Humber 


7.  AUTHORt*; 


MRjPaulson 


a.  CONTRACT  OR  GRANT  NUMBER^; 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Naval  Ocean  Systems  Center 
San  Diego  CA  92152 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  ft  WORK  UNIT  NUMBERS 

33109)V«J731-CC, 
X073I00UNOSC  81  5-CC48) 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Electronic  Systems  Command  (PME  106-1 ) 
Washington  DC  20360 


iBFpnBT  an* 


15  Aug 


79 


34 


14  MONITORING  AGENCY  NAME  »  ADD 


Hint  Olllce) 


15.  SECURITY  CLASS,  (ol  thle  report) 

Unclassified 


15a.  DECL  ASSIFIC  ATION/DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ol  Nil  a  RaporlJ 

Approved  for  public  release;  distribution  unlimited 


NdsdTR-iHL 

T  (ol  fh*  mbatrmcf  vnteredin  Block  20,  if  differ  % 


17.  distribution 


different  from  Report) 


18  SUPPLEMENTARY  NOTES 


19.  KEY  WOROS  (Continue  on  reveree  elde  If  neceeeery  and  Identify  by  block  number) 

Scintillation 
Ultrahigh  frequency 
Space  communications 
Seasonal  variations 
Solar  activity 

20  ABSTRACT  (Continue  on  reveree  elde  II  neceeeery  end  Identity  by  block  nuaikarj 

The  occurrence  of  significant  scintillation  at  Guam  has  greatly  increased  over  that  observed  during  the  1976 
solar  activity  minimum.  The  seasonal  variation  in  scintillation  shows  a  broad  maximum,  increasing  in  March  and 
decreasing  in  October,  with  little  scintillation  during  November  through  February. 

Scintillation  frequently  can  cause  uhf  satellite  communications  outages  of  6-8  hours  a  night,  with  occasional 
outages  of  10  hours  or  more. 

Although  only  seasonal  variation  and  solar  activity  dependence  have  been  shown,  there  may  be  other, 
unidentified  factors  that  affect  the  occurrence  of  scintillation. 


DD  1473  EDITION  OF  1  NOV  65  IS  OBSOLETE 

S/N  01 02-LF-01 4-6601 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGe  Del*  Entered) 

"  f3  -if? 


OBJECTIVE 


Obtain  longer  term  statistics  on  equatorial  scintillation  of  uhf  satellite  signals. 

RESULTS 

1 .  The  occurrence  of  significant  scintillation  at  Guam  has  greatly  increased  over  that 
observed  during  the  1976  solar  activ,.^  minimum. 

2.  The  seasonal  variation  in  scintillation  shows  a  broad  maximum,  increasing  in 
March  and  decreasing  in  October,  with  little  scintillation  during  November  through 
February. 

3.  Although  only  seasonal  variation  and  solar  activity  dependence  have  been  shown, 
there  may  be  other,  unidentified  factors  that  affect  the  occurrence  of  scintillation. 

4.  Scintillation  frequently  can  cause  uhf  satellite  communications  outages  of  6-8 
hours  a  night,  with  occasional  outages  of  10  hours  or  more. 


RECOMMENDATIONS 

1 .  Use  space  diversity  reception  at  Guam.  It  has  been  shown  to  be  effective  in 
overcoming  the  adverse  effects  of  scintillation  fading  on  the  down  link. 

2.  In  planning  for  future  systems,  give  serious  consideration  to  the  use  of  somewhat 
higher  frequencies  —  probably  L-band  or  higher. 
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INTRODUCTION 


NOSC  has  been  investigating  equatorial  scintillation  and  its  effects  on  satellite  com¬ 
munications  since  1970.  The  experimental  parts  of  these  investigations  began  with  ampli¬ 
tude  measurements  on  TACSAT  !  signals  for  about  a  month  at  a  time  around  the  fall 
equinox  in  1970,  1971,  and  1972  (ref  1)  and  on  the  Pacific  ocean  MARISAT/Gapfiller 
satellite  in  1976  from  1  July  through  November  (ref  2). 

Although  much  was  learned  about  scintillation  from  those  early  amplitude  measure¬ 
ments,  it  was  apparent  that  longer  term  measurements  were  needed  for  a  better  understand¬ 
ing  of  its  seasonal  and  solar-cyc'e  variations  and  of  how  much  of  the  time  it  might  be 
expected  to  disrupt  uhf  satellite  communications.  Personnel  at  the  naval  communications 
area  master  station  (NAVCAMS)  at  Guam  have  undertaken  the  task  of  monitoring  the  uhf 
broadcast  signals  from  both  the  Pacific  and  Indian  ocean  Gapfiller  satellites  (at  elevation 
angles  of  about  50°  and  10°,  respectively,  from  Guam)  to  provide  information  on  the  long¬ 
term  aspects  of  scintillation.  Their  initial  data  from  mid-March  through  mid-August  1978 
were  discussed  in  NOSC  TR  328  (ref  3).  The  present  report  is  an  update  of  TR  328  and  will 
include  its  data  as  well  as  subsequent  data  taken  through  June  1 9*797  ~  ~  . 

f\0  b 

ORIGINS  OF  SCINTILLATION 


Irregularities  in  ionospheric  electron  density  cause  corresponding  irregularities  in  the 
ionospheric  refractive  index,  and  these  in  turn  cause  scintillation  of  radio  waves  from  a  satel¬ 
lite.  As  the  radio  waves  pass  through  the  ionosphere  they  are  diffracted  or  refracted  by 
regions  in  which  these  irregularities  occur.  The  irregular  wave  front  emerges  from  the  iono¬ 
sphere  and  propagates  to  the  ground,  where  a  standing  wave  pattern  is  set  up.  This  pattern 
has  regions  where  the  signal  strength  is  stronger  than  the  undisturbed  signal  and  regions  of 
weak  signal  or  no  signal  at  all.  As  the  irregularities  in  the  ionosphere  drift  and  change  with 
the  zonal  winds,  the  standing  wave  pattern  moves  across  the  ground,  causing  the  intensity  of 
a  signal  received  on  an  antenna  to  fluctuate.  Signal  enhancements  of  up  to  10  dB  and  fades 
of  more  than  30  dB  occur  regularly  at  frequencies  around  250  MHz.  The  two  upper  charts 
in  figure  1  show  examples  of  scintillation  at  about  257  MHz  for  the  two  Gapfiller  satellites. 

The  electron  density  irregularities  that  cause  this  type  of  scintillation  occur  in  the 
F-region  of  the  ionosphere  at  about  200-400  km  (ref  4).  No  acceptable  theory  has  been  yet 
formulated  that  would  explain  the  mechanism  that  generates  irregularities  in  ionospheric 
electron  density.  The  subject  is  currently  under  discussion  in  the  literature. 


The  bottom  chart  in  figure  1  shows  another  type  of  scintillation  that  occurs  at 
times.  It  is  thought  to  be  caused  by  irregularities  at  E-region  heights  (about  1 00-1  20  km ), 


1 .  NOSC  Technical  Report  NELC  TR  1875,  Effects  of  Equatorial  Scintillation  Fading  on  SATCOM  Signals, 
by  MR  Paulson  and  RUF  Hopkins,  8  May  1973 

2.  NOSC  TR  I  13,  Spatial  Diversity  Characteristics  oLEguatorial  Scintillation,  by  MR  Paulson  and  RUF 

Hopkins,  2  May  1977  """>N 

3.  NOSC  TR  328,  Occurrence  of  Scintillation  of  UhtfSATCOM  Signals  at  Guam  from  Mid-March  to  Mid- 

August  1978,  by  MR  Paulson,  7  September  1 97x  ^ — - 

4.  Equatorial  Scintillation,  by  JR  Koster;  Planet  Space  Sci,  vol  20  no  12,  December  1 972,  p  1999-2014 
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Figure  1  Examples  of  amplitude  scintillation  for  the  Pacific  and  Indian  ocean  satellites. 
Scintillation  shown  in  the  bottom  graph  may  have  been  caused  by  sporadic  E. 


ALTITUDE, 


referred  to  as  sporadic  E.  These  irregularities  have  very  little  effect  on  vertical  radio  signals. 
They  affect  signals  only  from  satellites  at  low  elevation  angles,  which  provide  relatively  long 
propagation  paths  through  the  E-region.  Figure  2,  taken  from  ref  5,  is  a  graph  of  electron 
density  versus  height,  measured  by  a  rocketborne  sounder.  It  shows  a  sporadic  E  condition 
and  its  vertical  extent. 


Figure  .  Electron  density  profile  from  Nike  Apacbe  14.5)4,  launch  time  1505  UT  (1005  EST)  at 
Wallops  Island,  1 0  August  1973.  Altitudes  are  indicated  at  intervals  of  0.1  km  between  99.9  km 
and  101.1  km.  ( From  ref  5) 


MEASUREMENT  TECHNIQUE 

The  amplitude  of  the  broadcast  signals  for  each  of  the  satellites  was  recorded  24 
hours  a  day  on  strip-chart  recorders,  at  3  inches  per  hour.  During  periods  of  scintillation  the 
recorders  were  run  at  12  inches  per  hour.  Calibration  curves  were  run  on  each  system  once 
a  week. 


DATA  PRESENTATION 

Plots  of  starting  and  ending  times  of  scintillations  with  fades  greater  than  6  dB,  read 
trom  the  charts  for  each  of  the  two  satellites  for  each  day  from  March  1978  through  June 
1979,  are  included  as  appendix  A.  Plots  of  the  total  numbers  of  hours  each  day  that  scintil¬ 
lation  occurred  are  included  as  appendix  B.  In  both  appendixes,  days  on  which  no  data 
were  available  are  marked  with  a  star.  No  scintillation  occurred  on  days  shown  as  entirely 
blank  (no  star). 


5.  Electron  Temperature  Measurements  in  Mid-Latitude  Sporadic  E  Layers,  by  SR  Schutz  and  LC  Smith; 
J  Geophys  Res,  vol  81  no  19,  I  July  1976,  p  3214-3220 
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SEASONAL  VARIATION 


Figure  3  shows  the  daily  hours  of  scintillation  summed  on  a  monthly  basis  and 
presented  as  a  percent  of  time  that  scintillation  occurred  each  month  in  1978.  Figure  4 
shows  the  same  type  of  data  for  1 979.  In  months  where  appreciable  data  were  missing,  the 
various  portions  of  the  month  were  summed  separately.  The  actual  monthly  occurrence 
might  have  been  somewhat  higher  or  lower  depending  on  the  unrecorded  activity  during  the 
missing  days. 

These  plots  show  a  broad  maximum,  with  the  occurrence  of  scintillation  increasing 
rapidly  in  February  and  March  and  decreasing  in  October  and  November.  Very  little  scintil¬ 
lation  occurred  in  November,  December,  January  and  February.  For  both  1978  and  1979  it 
appears  that  the  (broad)  maximum  occurrence  of  scintillation  was  in  April  for  the  Indian 
ocean  satellite  and  in  June  for  the  Pacific  ocean  satellite. 


OCCURRENCE  VERSUS  SOLAR  ACTIVITY 

Figure  5  shows  the  occurrence  of  scintillation  for  1976,  a  year  of  minimum  solar 
activity.  When  figure  5  ( 1976)  is  compared  with  figure  3  (1978),  the  dependence  on  solar 
activity  is  evident.  Paulson  and  Hopkins  (ref  2)  showed  this  dependence  by  using  a  common 
1 1-day  period  for  4  different  years,  plotting  occurrence  against  solar  activity.  The  result  is 
shown  in  figure  6.  with  the  year  1 978  added. 

When  the  occurrence  of  scintillation  was  plotted  against  solar  activity  without  con¬ 
sidering  the  time  of  year,  seasonal  variations  appeared  to  be  masking  the  solar  activity  de¬ 
pendence  (ref  3 ).  To  test  this  possibility,  the  data  were  averaged  on  a  monthly  basis  for  the 
various  years  when  scintillation  data  were  available.  The  data  were  not  all  taken  at  the  same 
location,  however,  some  having  been  taken  at  Kwajalein  and  reported  by  Nichols  (ref  6)  and 
some  at  Palau  and  Guam.  Also,  because  of  equipment  problems  or  a  limited  time  interval 
for  the  tests,  many  of  the  data  samples  were  not  for  the  complete  month.  In  most  cases 
there  were  only  three  data  samples  for  each  month. 

Figure  7  shows  data  for  the  months  of  May,  September,  and  December.  These 
months  show  good  linear  dependence  of  the  occurrence  of  scintillation  on  solar  activity. 
Activity  for  May  is  much  higher  than  for  September,  and  there  is  very  little  activity  in 
December. 


6.  Lincoln  Laboratory  Technical  Note  1974-19,  Uhf  Fading  from  a  Synchronous  Satellite  Observed  at 
Kwajalein  October  1970  through  June  1972,  by  BE  Nichols,  MIT,  22  March  1974 
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Figure  3.  Percent  of  time  that  scintillation  occurred  for  each  of  the  satellites, 
shown  as  monthly  averages,  1978. 
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3300  MHz  SOLRF  FLU  ■ 

of  scintillation  during  a  common  1 1-day  period  compared  to  the  2800  MHz  solar  flux. 


V  0  50  100  1 50  £00 


3300  MHz  SOLRF  FLU* 

Figure  7.  Occurrence  of  scintillation  during  May,  September,  and  December 
compared  to  the  2800  MHz  solar  flux. 
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Other  months  when  data  were  available  showed  little  or  no  linear  dependence:  fig¬ 
ure  8  shows  the  months  of  March.  April,  June,  and  October.  Since  there  are  only  three  data 
samples  for  each  month,  it  is  not  possible  to  say  whether  the  lack  of  dependence  is  caused 
by  differences  in  the  way  the  data  were  taken,  the  different  locations  for  the  various  meas¬ 
urements,  or  some  factor  in  addition  to  season  and  solar  activity  that  contributed  to  the 
occurrence  of  scintillation. 


*  jura  -hfp 


Hiaf 

£  j  *  MRF 

_l 

“  ’•OCT  *  OCT 


2  300  MHz  SOLRR  Fl'J  ■ 

Figure  8.  Occurrence  of  scintillation  during  March,  April,  June,  and  October 
compared  to  the  2800  MHz  solar  flux. 

EFFECTS  ON  UHF  SATCOM 

Scintillation  fading  can  have  a  disruptive  effect  on  uhf  satellite  communications. 
Figure  9  is  a  I  -hour  sample  of  data  error  rates  measured  in  1 976,  a  year  of  minimum  solar 
activity.  The  satellite  frequency  was  about  257  MHz  and  the  data  rate  was  2400  bits  per 
second.  The  signal-to-noise  ratio  was  better  than  30  dB.  This  is  shown  differently  in  figure 
10.  in  which  the  percent  of  a  1-hour  sample  period  over  which  a  given  error  rate  was  exceed¬ 
ed  is  shown  as  a  function  of  error  rate.  In  this  figure,  as  an  example,  the  error  rate  of  10"- 
was  exceeded  about  27  percent  of  the  hour. 

Although  error  rate  measurements  have  not  been  made  in  subsequent  years,  when 
solar  activity  has  been  getting  progressively  much  higher,  personnel  at  the  satellite  terminal 
in  Guam  have  kept  a  daily  record  of  uhf  communications  outages  that  appear  to  have  been 
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Figure  12.  Comparison  of  reported  communications  outage  with  the  occurrence  of  scintillation 
for  the  Indian  ocean  satellite. 


CONCLUSIONS 

The  occurrence  of  significant  scintillation  at  Guam  has  greatly  increased  over  that 
observed  during  the  1976  solar  activity  minimum. 

The  seasonal  variation  in  scintillation  shows  a  broad  maximum,  increasing  in  March 
and  decreasing  in  October,  with  little  scintillation  during  November  through  February. 

Although  only  seasonal  variation  and  solar  activity  dependence  have  been  shown, 
there  may  be  other,  unidentified,  factors  that  affect  the  occurrence  of  scintillation. 

Scintillation  frequently  can  cause  uhf  satellite  communications  outages  of  6  to  8 
hours  a  night,  with  occasional  outages  of  10  hours  or  more. 

RECOMMENDATIONS 

Space  diversity  reception  should  be  used  at  Guam.  It  has  been  shown  to  be  effective 
in  overcoming  the  effects  of  scintillation  fading  on  the  down  link. 

« 
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Any  planning  for  future  systems  should  give  serious  consideration  to  the  use  of 
somewhat  higher  frequencies;  probably  L-band  or  higher. 
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APPENDIX  A:  DAILY  HOURS  OF  SCINTILLATION 
WITH  FADES  GREATER  THAN  6  dB 

Time  periods  when  scintillation  fading  exceeded  6  dB  are  shown  for  the  Pacific  and 
Indian  ocean  satellites. 
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Figure  A 1  March-April  1978. 
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Figure  A4.  September -October  1978. 
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Figure  A5.  November-December  1978. 
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Figure  A6.  January-February  1979. 
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Figure  A8.  May-June  1979 


APPENDIX  B:  TOTAL  HOURS  EACH  DAY  THAT 
SCINTILLATION  FADING  EXCEEDED  6  dB 


Figure  Bl.  March-April  1978. 


Figure  B3.  July-August  1978. 
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Figure  B6.  January-February  1979. 
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Figure  B6.  January-February  1979. 
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Figure  B7.  March-April  1979. 
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